Objective: To determine the feasibility of conducting a randomized controlled trial of corticosteroids in pediatric septic shock. Design: Randomized, double-blind, placebo controlled trial. Setting: Seven tertiary level PICUs in Canada. Patients: Children newborn to 17 years old inclusive with suspected septic shock. Intervention: Administration of IV hydrocortisone versus placebo until hemodynamic stability is achieved or for a maximum of 7 days. Measurements and Main Results: One hundred seventy-four patients were potentially eligible of whom 101 patients met eligibility criteria. Fifty-seven patients were randomized, and 49 patients (23 and 26 patients in the hydrocortisone and placebo groups, respectively) were included in the final analysis. The mean time from screening to randomization was 2.4 ± 2.1 hours and from screening to first dose of study drug was 3.8 ± 2.6 hours. Forty-two percent of potentially eligible patients (73/174) received corticosteroids prior to randomization: 38.5% (67/174) were already on corticosteroids for shock at the time of screening, and in 3.4% (6/174), the treating physician wished to administer corticosteroids. Six of 49 randomized patients (12.2%) received open-label steroids, three in each of the hydrocortisone and placebo groups. Time on vasopressors, days on mechanical ventila-
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This lack of consensus is due to multiple factors, including conflicting evidence from adult trials (16, 17) , lack of adequately powered pediatric randomized controlled trials (RCTs) (8) , varying target populations (4, 5) , and difficulties with conducting and completing pediatric critical care trials (18, 19) . Despite these challenges, intensivists still believe that the role of corticosteroids in septic shock needs to be clarified (8, 15) and state that they would be willing to recruit patients into a randomized trial on this subject (14) . However, more than 90% of pediatric intensivists also state that they would administer open-label steroids to patients with septic shock who were receiving two or more vasoactive infusions thus suggesting a lack of equipoise on the issue (14) . Further adding to the challenges of conducting trials on pediatric septic shock are difficulties in defining eligible patients, obtaining consent, and recruiting patients within a narrow time window (20, 21) . Therefore, a pilot study is necessary prior to embarking on a larger trial.
The main goal of this pilot trial was to determine the feasibility of conducting a larger pragmatic RCT of corticosteroids in pediatric septic shock. Our primary objective was to determine the rate of patient accrual. Secondary outcomes included the concordance of our pragmatic definition of septic shock with previous definitions, rate of protocol adherence, incidence of, and reasons for, open-label steroid use, incidence of adverse events, and determination of baseline estimates of clinically important outcomes such as time to discontinuation of inotropes, length of mechanical ventilation, and PICU length of stay.
METHODS

Experimental Design
We conducted a randomized, double-blind, placebo controlled trial in seven centers in Canada between July 2014 and March 2016. The protocol was approved by the research ethics boards (REBs) in all centers. The REB at five centers approved a deferred consent model with a sixth center endorsing this model part way through the study. The remaining center required prospective informed consent prior to randomization. The study rationale, design, protocol, and consent process have been previously published (22) . Written informed consent was obtained for all participants prior to completion of the study procedures.
Patients
Patients were included if they were newborn (> 38 wk corrected gestational age) to 17 years old and had been receiving any dose of any vasoactive infusion for between 1 and 6 hours. Exclusion criteria included patients who were known or suspected to have hypothalamic, pituitary, or adrenal disease; currently receiving steroids for shock prior to randomization; expected to have care withdrawn; pregnant; postoperative from cardiac surgery; administered their first dose of a vasoactive infusion greater than 24 hours after PICU admission; not expected to be on a vasoactive infusion at the time of administration of the first dose of study drug; suspected or proven to have primary cardiogenic, spinal, hemorrhagic, or hypovolemic shock; previously enrolled in the Steroids in Pediatric Fluid and Vasoactive Infusion Dependent Shock (STRIPES) study; started on a vasoactive agent for reasons not related to shock; or if their attending physician refused participation. Patients were recruited from the emergency department (ED), pediatric wards, or PICU, and PICU admissions were screened daily to determine if eligible patients had been missed.
Randomization
A randomization list was generated by the Methods Centre at the Ottawa Hospital Research Institute. Patients were randomized 1:1 using variable block sizes (2-4 patients/block) stratified by site. The active drug and placebo (hydrocortisone and normal saline) were identical in appearance, volume, and smell, and all study personnel, members of the bedside healthcare team, and patients/families were blinded to the study group assignment. The protocol required the patient be randomized and administered the first dose of study drug within 6 and 8 hours of meeting eligibility criteria, respectively.
Intervention
Patients randomized to the hydrocortisone treatment arm received an initial IV bolus of 2 mg/kg hydrocortisone, followed by 1 mg/kg of hydrocortisone every 6 hours until the patient met stability criteria (defined as no increase in their vasoactive infusions and no administration of a fluid bolus) for at least 12 hours. We chose this dosing regimen as most physicians report using 5 mg/kg/d of hydrocortisone for shock (1, 14) with some physicians also suggesting an initial bolus dose (14) . Hydrocortisone dosing was then reduced to 1 mg/kg every 8 hours until all vasoactive infusions had been discontinued for at least 12 hours. We chose to wean the hydrocortisone to every 8 hours rather than to stop it as evidence has suggested that abrupt cessation of corticosteroids in a stable shock patient may lead to rebound hemodynamic instability and resurgence of inflammatory markers (23) . If following the de-escalation or discontinuation of hydrocortisone, the patient required fluid boluses and/or an increase in their vasoactive infusion(s); their hydrocortisone was increased back to 1 mg/kg of hydrocortisone IV every 6 hours until they met stability criteria again. Hydrocortisone was continued for a maximum of 7 days to prevent adrenal suppression.
Physicians were encouraged, but not mandated, to follow the Surviving Sepsis Guidelines (7) in the management of their patients. Management decisions with regard to endotracheal intubation, mechanical ventilation, sedation and analgesia, additional vasoactive agents, red cell transfusions, antibiotics, and fluid boluses were left to the discretion of the treating physician.
Outcomes
The primary outcome measure was the patient accrual rate. Secondary outcomes included measurement of 1) agreement between clinical diagnosis of septic shock with either the International Pediatric Sepsis Consensus Conference definition of septic shock (24) or International Classification of Diseases, 10th Edition (ICD-10) diagnostic codes (25) ; 2) the number of eligible patients who were randomized within 6 hours from identification; 3) rate of protocol adherence (percentage of study drug doses correctly administered); 4) frequency of corticosteroid use outside of the protocol (prescreening and postrandomization); and 5) differences between clinically important endpoints (PICU length of stay, hospital length of stay, time on vasopressors, and duration of mechanical ventilation) between the two groups. Feasibility criteria were set a priori at greater than or equal to 80% for outcomes 1, 2, 3, and at less than 20% for outcome 4.
Sample Size and Statistical Analysis
The ability of the pilot study to attain its objectives was predicated on achieving a convenience sample of a minimum of 60 patients over a period of 1 year. This equated to an anticipated recruitment rate of approximately 0.7 patients per site per month. This design tested the acceptability of the eligibility criteria, and open-label steroid use, at seven sites, and with exposure to up to 50 different clinicians. Due to the small sample size and short recruitment period, no interim analyses were planned.
Descriptive analyses were employed in assessing the feasibility objectives of this pilot RCT. Presented are point estimates of recruitment, feasibility events (including adherence to protocol), and open-label corticosteroid use, as proportions with 95% CIs. Data are presented as means and sds for normally distributed variables, or medians and interquartile ranges (IQRs), when appropriate. An intention to treat analysis was performed for secondary outcomes for patients who were randomized, had informed consent provided, and received at least one dose of study drug. A log-rank test and Cox regression model censoring for death were employed to examine the association of hydrocortisone use and length of stay (adjusted for Pediatric Risk of Mortality [PRISM] score, mechanical ventilation, and presence of a preexisting condition), time on vasopressors (adjusted for PRISM score, receipt of antibiotics in the ED, admission lactate, and pre-enrollment fluid boluses), and duration of mechanical ventilation (adjusted for
RESULTS
We screened patients for eligibility between July 28, 2014, and March 31, 2016 (Fig. 1) . The total number of recruitment months was 90 across all study sites, with the site-specific recruitment period ranging from 2 to 20 months (median, 15; IQR, [8] [9] [10] [11] [12] [13] [14] [15] [16] . Of the 720 patients screened, 101 patients met eligibility criteria and 66 patients were approached for consent (including prospective informed consent and deferred consent). Fifty-seven patients were randomized (86.4%, 57/66). Of these, six patients (10.5%, 6/57) were excluded as their guardians did not consent to participation (deferred consent), one patient did not receive study drug as they were no longer eligible once the study drug was dispensed, and in one patient, the nurse declined participation due to a misunderstanding of the deferred consent process. Therefore, 49 patients were included in the final analysis representing 82% of the lower end of our target sample size range (we estimated 60-72 patients) with a mean accrual rate of 0.54 ± 0.29 (95% CI, 0.46-0.62; range, 0-1.47) patients per month per site. Twenty-six of these patients were randomized to the placebo group and 23 to the hydrocortisone group.
The baseline characteristics of the two groups did not demonstrate any statistically significant differences ( Table 1) . There was no difference in the median PRISM score of eligible patients who were and were not enrolled (7; IQR, 5-11 vs 7; IQR, 5-13; p = 0.97). Reasons for nonenrollment of eligible patients are shown in Figure 1 .
Feasibility of Randomization
The time to randomization and other feasibility endpoints are shown in Table 2 . One randomized patient received study drug more than 8 hours post meeting eligibility criteria (received at 10 hr). Only five of 101 patients who met eligibility criteria were excluded because of insufficient time to prepare the study package. Study drug was correctly administered (dosage, timing, and frequency) in 97.6% of dosages. There were four documented protocol violations among the 49 included patients: patients included who met exclusion criteria (n = 2; no longer on vasoactive infusion, n = 1; on vasoactive infusion > 6 hr, n = 1), enrollment more than 8 hours after meeting eligibility criteria (n = 1), and accidental unblinding of the study coordinator (n = 1).
Definition of Septic Shock
For the purposes of this study, septic shock was defined as cardiovascular instability, requiring the administration of at least one vasoactive medication, which in the opinion of the treating physician was not attributable to a hemorrhagic, hypovolemic, cardiogenic, or neurogenic/spinal pathology. Using this pragmatic definition, 49 study patients were identified as having septic shock at hospital admission. End of admission chart review demonstrated that 44 patients (89.8%) met the International Pediatric Sepsis Consensus Conference definition of septic shock (24) and 48 patients (98%) met the ICD-10 diagnostic criteria (25) for septic shock. The five patients who were excluded using the consensus conference definition did not meet the age-defined heart rate and/or blood pressure criteria but were still assessed by their treating physicians as having septic shock. One patient met the International Pediatric Sepsis Consensus Conference definition of septic shock but not the ICD-10 criteria and had a final discharge diagnosis of myocardial necrosis secondary to crystal methamphetamine ingestion.
Nonstudy Usage of Corticosteroids
Seventy-three patients (42.0%, 73/174) were ineligible for the study because of physician-directed steroid administration prior to randomization. Of these, 38.5% (67/174) were excluded because corticosteroids have already been initiated for shock at the time of screening (in the ICU or ED), and 3.4% 
Clinical Endpoints
The median values for several clinically important endpoints in both groups are shown in Table 3 . Time on vasopressors, days on mechanical ventilation, and PICU length of stay were not statistically different between the two groups even after adjusting for confounders (Fig. 2) . There was no difference in the rate of predefined adverse events between the two groups.
DISCUSSION
We demonstrated that enrollment of patients into a trial of corticosteroids in pediatric septic shock was potentially feasible as evidenced by the concordance of physicians' clinical suspicion of septic shock with accepted definitions (24, 25) , the ability to randomize eligible patients within 6 hours of their identification, the rate of protocol adherence, and the acceptably low Total amount of fluid received in the 6 hr prior to enrollment. c Inotrope score = dopamine dose (μg/kg/min) + dobutamine dose (μg/kg/min) + 100 × epinephrine dose (μg/kg/min) + 10 × milrinone dose (μg/kg/min) + 10,000 × vasopressin dose (U/kg/min) + 100 × norepinephrine dose (μg/kg/min). rate of open-label steroid use once patients were randomized. However, the lack of equipoise among critical care physicians as evidenced by the frequent overall use of corticosteroids remains the most significant impediment to the recruitment of otherwise eligible patients. Although we did not quite achieve our predefined goal of a minimum of 60 randomized patients, we did come close. Fortunately, we identified several modifiable factors that could improve recruitment in a future trial. For the purposes of this pilot study, we aimed to demonstrate the feasibility of early administration of corticosteroids in patients who had not been ill for a prolonged period (i.e., in PICU for < 24 hr) which resulted in the exclusion of 22 patients. This criterion could be modified in a future study to include all patients with septic shock regardless of their preexisting time in hospital. Another 20 potentially eligible patients were missed due to the research assistant not being called (7/20) or not being available (13/20) . Project-related educational initiatives for healthcare teams as well as adequate funding to provide 24/7 research assistant coverage would further improve recruitment rates. In addition, the rate of corticosteroid use varied significantly between centers suggesting that inclusion of centers with lower rates of steroid usage would improve recruitment rates for a future trial. Finally, feasibility is also a function of the planned sample size and therefore a 400-patient phase III trial would be potentially feasible with the current recruitment rate by including 15 centers over 5 years.
We demonstrated that a pragmatic protocol, whereby physicians provided care according to their clinical judgment, resulted in two well-matched groups with regard to all clinically important baseline characteristics despite a small sample size. Our pragmatic approach to the definition of septic shock resulted in the inclusion of five patients who did not meet the International Pediatric Sepsis Consensus Conference definition (24) ; however, four of these five patients did fulfill the ICD-10 diagnostic criteria for septic shock (25) . The five patients who did not meet the consensus definition missed inclusion due to heart rates/and or blood pressure values that were within 10% of the age-defined criteria. This finding is consistent with several studies which have demonstrated that physicians define sepsis more broadly than consensus definitions do and that use of consensus definitions for research studies may result in significant limitations to the generalizability of their findings (26, 27) . It is possible that our pragmatic approach could result in the inclusion of patients with shock from conditions other than sepsis such as a drug overdose; however, it is likely that these patients would be limited in number and would be balanced between groups in a larger RCT. Finally, the lack of adrenal axis testing performed in children with suspected septic shock (1, 14) suggests that physicians use clinical criteria rather than research criteria or guidelines to inform their decision to administer corticosteroids, and therefore, use of a clinical suspicion of septic shock for future trials may prove more valuable.
The most common reason, by far, for exclusion of potentially eligible patients was the desire of treating physicians to administer corticosteroids to children with septic shock. Not surprisingly, corticosteroid use varied significantly by center. Sixty-seven patients received corticosteroids for shock in community hospitals, EDs, and on general pediatric wards prior to being screened by the research assistants. Physicians refused participation for another six patients because they wished to administer corticosteroids and another six patients received open-label steroids post randomization. These findings are especially interesting given the lack of high-level evidence in pediatrics supporting a benefit of corticosteroids in septic shock (8) and a recent adult trial showing no benefit and potential for increased harm with corticosteroid administration (16) . However, corticosteroid administration to children with septic shock and absolute adrenal insufficiency is advocated in the widely publicized and promoted Surviving Sepsis Guidelines (7) . Practitioners participating in this study were encouraged to model their care based on these guidelines. There may therefore have been a reluctance among some practitioners to ignore these guidelines despite the lack of RCT evidence for its recommendation (8, 28) . In addition, our trial did not show a statistically significant benefit in mortality rate, PICU and hospital length of stay, time on vasopressors, and length of mechanical ventilation with the use of corticosteroids. Although this was a pilot study and therefore not specifically powered to detect a difference in these outcomes, it is nevertheless the largest RCT in pediatric septic shock to date.
Given the frequency of empiric corticosteroid use, strategies need to be developed to address this issue prior to conducting a larger trial. Possible options include knowledge translation activities, selection of centers with demonstrated equipoise, use of an adaptive design or 2:1 randomization scheme, and delineation of a clear exit strategy.
There are several limitations to this study. The first limitation is that a significant number of potentially eligible patients could not be enrolled in the study since they were administered corticosteroids prior to randomization. This may have resulted in a selection bias for the patients ultimately included in this trial and has implications for the feasibility of a future trial. Possible options to overcome the high rate of empiric corticosteroid usage include knowledge translation activities, selection of centers with demonstrated equipoise, use of an adaptive design or 2:1 randomization scheme, and delineation of a clear exit strategy. The other main limitation was the small sample size, which limits generalizability of results and the secondary analyses. However, the small sample size was selected based on the objectives of this pilot study, and our a priori-defined objectives did not include being powered to detect a difference in clinical outcomes. 
CONCLUSION
This pilot study suggests that a large RCT to evaluate early use of corticosteroids in pediatric septic shock is potentially feasible. A lack of equipoise among pediatric critical care physicians as evidenced by the frequent use of empiric corticosteroids in otherwise eligible patients remains a significant challenge to RCTs of corticosteroid efficacy in pediatric septic shock. Further, knowledge translation activities, targeted recruitment, and alternative study designs are possible strategies to mitigate this challenge.
